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. ['J_E JACOBS ENGINEERING GROUP INC. "

ENVIRONMENTAL SYSTEMS DIVISION
4848 LOOP CENTRAL DRIVE ® HOUSTON, TEXAS 77081e [713]669-2200
Junel3, 1988 '

Mr. Gerardo Armador
Environmental Protection Agency
Region III

841 Chestnut Building
Philadelphia, Pennsylvania 19107

Re: Radon Gas Levels and Biotransformation of Compounds
Project No. 05B87700,

Work Assignment C03001

Du Pont Newport Site, Region III

Dear Gerardo:
Please find enclosed for your information:

1.  Copy of Paper, Geological Factors that Influence Radon Availability. This
paper was provided by Douglas Gonzales, PhD, Senior Health Physicist, Jacobs,
to provide us a better understanding of Radon Gas sources.

2. Copy of Study, Potential Biotransformation of Chemical Compounds by
Rajagopal Krishnamoorthy, PhD., Jacobs. This study was conducted to
support a groundwater contamination assessment. Based on this study, PCE,
TCE, DCE, Methylene Chloride and Chloroform found in the North Disposal
Site, will degrade over a period of time. If the source is cleaned up, then the
groundwater contamination will eventually disappear.

Sincerely yours,

JACOBS ENGINEERING GROUP INC.

D oz

Paul Fikac

Region VI

Work Assignment Manager
PF/mjo
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GLOGICAL FACTORS THAT INFLUBNCE \
RADON AVAILABILITY

Allan B. Tanner

U. S. Gaocloglcal Survey, MG 990
Rsston, VA 22092

There i great need for thes charactearizstion of locsliries with respect

to the{r potantial for supplying radoh to structures, easpaclally whare the -
number of existing structures ie Insafficient for valid sespling. Although ==
the interaction between a structure and ths ground ls not quantitativaly o0
known, it is practical to sssume that the ground can be charactarized as

to the rate at which redon can bs drawn from It by m structure;: s measurs Q
of radon aveilability. Redon availabliity is relsted mainly to thw concen- (D
tration of radon In the epeces ln rock fractures and soil pores and to the oy
permaabil ity of the ground to gasex, The fractlon of radium dislntagcs-
tions producing redon thet resches those spacss ususlly folls within tna o<
range of 0.15 to 0.55, Permeability and the diffusion coetficlent ara ra- [ -
duced markedly as the sizes of those speces are reduced and as ths proportion

of the spaces f1lled by liquide is Incressed. Coupling this knowledya with
Ut of the geology, soil, hydrology, and topography of a locallty should
parnit gualltative svaluation of redon avallability. Rock typee that usually
have above- average concantrations of radon in the pore end fracture spaces

sre granites, soms gnalssas, phoephatic rocks, martine shales, and recrystal-
lized limestones snd dolomites. Comstruction of buildings In contact with
such rocke, if fractured, is unwiss. Bes{dual soils, notebly lerre Loayes.

are often anriched In redive. Ground with coarss grain slze (such as gravels

and coaree sands), pacticulsrly if well-dralned, is highly permsable end

gt 1o maks more redon avallable than would be axpacted on the bssis of

Its radlum contant. AU the othar extreme, muds and clays tand to be of

low permeability, especimlly if wet. Ground that doea not pess s parcolation
test should have low radon availabillity unless enriched in radium. Bulldinge
located on hillsides and ridges are more apt to be located on solls that

are coarser and better drained than those (n aijecent valleys. Othar thinge
betng equal, radon avallability should be grester on hillsides mnd ridges.
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GEOLOGICAL PACIORS TRAT INFLUEMCE RADON AVATLABILITY

Inkcoduction

During the period following the dlacovery of very high lndoor radon
levels in soma houses mear Boyerkown, Peannaylvania, the U. S. Geologlcal
Survay has treceivad many reguesis for a wap shoving radan distribution.
These requests show widespread desirs for information about the geagraphic
distribution and exsct locatlaons of acreas having ths potential to supply
snough sadon to houses and othet structuras to bring indoor radon concentra-
tions to s levsl of concern, Often it has been sssumed that = map of known
accurrences of radium or ursnium, or of genlogic formations known to be
anriched in radius or uranjus, would suftice to show the locatlona of houses
1ikaly to have elevatsd levels of indoor tadon. The assumption ls proving

" to ba naiva. This papet i a pressntation of the principles relsvant to

the production and movesent of redon in the grouad, of methode of identilylng
acess likely to have imdoor radon problems, of gecloylc cortelations with
indoor radon suzveys that have baen noted to dste, and of speculation on
the cadon potsntial of certsin rock and soil typss and landforms.

Seurces of Indoor Badon

Radon, radius, snd uranium are present in all soils. A gross correlation
betweeh tha concentcstion of ursnium or radium in the ground and indoat
radon decey product levels hss been observed, but is not by itselfl adequats
to enable us to identify spacific localltiss se being "likely™ o *unl {kaly”.
The lack of close corcsletlion iz due ¢o the feot that indoss radon Stiwes
from a compination of thres or four fectors, all of which sust be better
xnown before we can make sdequats predictions as to the radon lavels in
housess” in @ given sxes.

The thrse or four fsators, or conditlons for radon entry Into struc-
tures, are: {1) thers sust be radius in the ground, {2) radon produced by
decey ot the radium sust be able o move to a etructure, {3) thare oust
be pathways for entry of radom Into the structure, and {(4) sfficlent move-
ment of radon into the structurs usually requives that the atmospheric pres-
gure in the stoucturs bs lower than it is ia the eoil. The Cirst two condl-
tions pertain to the geclogic unvironment; the latter two are features that
ars uniqus to the building, and are the subject of the next puper in thls
conference. It le [mportant to note that the latter twe conditions have
influsnced the results of surweys of indoor radom {n various countriss.

Figute 1 showe a general ized probability Zrequency distribution called
log-normal. It is characterized by havirng tha grestest probabilitles of
occurcence tovard a low value of the Independent variable, but significant

pcobabilities at high valuss, It hae several Aditferent and distinct applica-

tione to indoox radon. Practicslly all surveys of indoor radon have yielded
log-normal distribtutlons, in wbich case we mark the horizontsl coordinate
as indoor radon, in increments of redon conosntrstion (or working levels),
and the vertical coordinate as tha parcentage of houses falling within ssch
incremant. I ssphasize that the results of indoor cadon suxveys include
the affects of all the conditions far radon satry, both the geclogic conditions
and the building charectaristics.

Let us coneidar what would be obtejned by & sucvey of many houses thet
were built on graund having the ssme characteriatics (unifors intrinsic
redon concentration In the soil sad uniform ia all factors that dateraina
radon movesent in tha soil). UWe should very likely observa subetantisl
var {ation In indoor radon from houss to houss, and it should not be a sapcise
it @ $ndoox radon survey yislded & log-sormal distribution, If ona attempied
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to charscteriza the radon potentisl of the ground on the basis of & smsl
number of msasuremsnts, how would he know that he wvas taking samples nes
tha sedian, rather than toward the low or hlgh end? This ls the essent is
problen that arises when the radon potantial aof a locality is to be judge
by indoor radon surveys.

From the standpoint of prediction, it should be more efficlent a-
tel iable 1f wa could first obrain an esplrical relation betwesn Indoor rad.
concantratlons and svme Dacameter that was characteristic of comditlor.
of the ground only, indeperndant of & slructure bullt on it, and then clasai!
localities by the values of that parumster. The pousibilities ape discuses
in & section below.

Gagloaical Conditjuns fer Redon Entry u»

Radium Pistcibytion. The first radon entcy coadition has to 4o it
the rediom distcibution in the ground. Usually only the top few as .
of s0il sre important, but radium situated more desply can be a mourdgi.
fractured rock 1s nearby, or If tha soil ia very coarse ssnd or g9ravel. .

In order to discues the correlatlon bestween ursnium and redium :ﬂ\..uz
ground, 1l is necesesry tu be fumilisr with the decay of the radloacfy.
series that is hesadsd by uranium-238, ahowm in Figure 2. One should i
that four of thase radjonuclides, uranium-238, uranium-234, thorjum-
and radium-226, ace long-lived and tave such diffarent chamical character
istics that they srs frequently separsted by geochemicsl procsesea. Ucanius
{uranium-238) 1s generally lemobile in reducing snvironments and mobji«
in oxidizing envirorments. If rediosactive equilibrium prevalls, uranius
24 s present at a concentration lowar than that of its parent uraniue
238 by & factor of 19,000; its movement Is much less 1eetricted by Lha la.
of sses-action. Thorium-230 1s the least moblle, probebly beceuse of adsocp
tion on silicetas. Radius (radiue-226) is fairly mobile in reducing enwlrom
ments, although it s adsorbed on peaty matsriasl, but in oxidizing enviroo
ments redium tends to be acavenged by oxidizlng lron or manganese or t«
be coprecipitated with slksline-serth compounds, perticularly with calciu
carbonate. In natursl waters, urenjus and its radlus progeny are affectivel,
aeparated, 0 that reconnaissance massuremants of ursanium in waters g9ive
little spacitic informstion about radium distribution in an area.

5ince the atomic ensrgy program began, psopla have davoted much Labo:
tu the search for uranium, rather than radium. Bscause urenium has bee:
the valuable commodity, some geologic formations or deposits hundreds ot
feet undarground often have been worthvwhlle explorarion tergets end have
Lean reported and appesr oh maps 88 uraniua occurcences or ora bodles
Althuugh they may contribate rediomctivity to wall saters, thelr presence
on maps can be very aislewmiing, because they ere buriad too desply to Gonkkibr
ute redon to structures.

Whet ie known about radium dlstribution? In mddition to the reports
by Myrick and othersb/and by Wollenberg and Smithd/ thers is the larye aat
of data gensrated by the Hational Uranlum Rescurce Evaluation, or MURE,
program of the Departsant of Energy end its predecessor, the Ensrgy Bessarct
and Development Adminietration. The sost useful featura of the program
trom the standpoint of indoor radon was the Natjonal Airborne Radicwstric
Reconnaiesance, » sat af airplane and halicopter flights along which thae
gamma rediations from several natural redlonucl ides wers recorded. Ome
of the radistions was from the bismuth-214 decay product of radon snd iws
s rsasonsbla measure of the mobile-plus- tsmobile rsdon in the top 25 cm
of the ground. Although the WURE survey quadrangles cover neaerly all the
contarminous 48 states and half of Alaska, ths actual ground coverage is

“ o
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[ T4 _ good. Nany of the survey gquadranglies wecre flown st a Elight -

spacing of & milss. Becausa the width of the tzack along which informa-
tion was obtained is only sebout 1600 £t a survey at such spacing ylelds
only about 5% coversgs. Tha NURE deta are consequently useful to deatect
ragional trends, long featurxes, snd features that fortuitously lie on tLhe
flight pethe, but thay do mot gensrally facilitete datection of hot spots.
Coupled with information from geclogic mepping they can, howaver, be quite
useful. Another problem with the MURE deta is that they are inconsistent.
Although ths contractors® systems wars calibrated at tha sams sita, reasults
st the bounderiss of two quadrsngles may c¢iffer by s factor of two, and
inconsistencies are somel.mes sesn svan within ths sams quadrangiel/ One
muat chack tha date carefully befors using them. Tha NURE “ucsnium snomaly
msps”, although thay might show very local hot spota, have litile use for
predicting radon potential of aress.

In order to cbtain the best from the NURE data, s method has besn davel-
oped within the U. 6. Geological Survay that facilitstes comparison of the
various radionuclide datad. The entire zange of the dats for the st for
each nuclide ts digitized into 256 chanmels. For sach of three pacamaters
{radionuclids counting rate or the ratic of ona radlonuclids counting rate
to anothsr), o £ilm mep ie producad om which lightness e propoctional to
the channel ausbar for esch spot. The maps are colarsd red, grsen, wnd
blue, respectivaly, and suparposed. Places vhare all threa of the plotted
pazamsters are high sppest on the cosposites msp a8 bright spota. A composite
mp In vhich the three paramstecs acre uranjum, thorius, and potassium is
useful to show areas of outcrop of rocks such as granite, vhers all thres
paraseters are usually high and there hes bean little depletion of the radio-
nugl idam. Whers uranium has undergons soms sort of concantrstion rsiative
to thorium and potassium, uranium 1e cowmpsred with the ratio of uranjum
to thorium and with tha ratio of uranium to potassius. Tha yesulting uranijum
composite hes proved useful for Linding uwanium deposits and is being exan-
insd sa a tool for loosting indoor radom hot spots.

Indoor radoa suzveys have, in genaral, shown a fair correlstion with
radjum concentration in the ground. Thw correlation is best whers the Indocr
radon values are well ebove action levels and a0t 8a 9ood whare they are
low and more etromgly influsmoed by the oontributien Lwem bullding weterisle.
As a msans of predicting the redon potential of rediemetrically high arsss
of considersble axtent, the NSE data have uti{lity. Aeroradiometric dats
at much cloasr flight iina spacing would have to be ebtained In order to
find hot spots aystesmtically,

It the tinding of very hot spots fe of high priority, I suggest that
& careful review of uranium exploration surveys and literatuce by peopls
who know both uranium geology end redon bshavior would be the most expedi-
tious. As a result of the extensive ursnium exploration activity of the
past 40 yesrs, wa should axpect that rather Caw msar-surface strong enrich-
sants of uranium-serles sctivity sre undiscovered In the lover 48 Staces.
These hot spote are speciaml situations, howwvet, and ars only part of the
indoor vedon problem. The mors diffioult part conmexns afeas whegs radius
is not strongly enviched in the soll.

The distributlion of many elessmts in nature is ancther e .
log-normal distribution, and redium is probebly ne exception. uﬁn M-nnncqn
concentrations in soil are low snd In the region of Righ probabil ity, but
unfortunataly not so low that they cen be dissiased as genacators of radon
levels of concern. Armed with a few well- i nusbers, one can calcu-
late that very average soil contains 104 te } picoourise of radon per
liter of @oll air. It enough soil air cam be drawm imto & structure to
constituta several percent of the alr 4{n the structure, the 4 pCi/L critarion

ORiGINwA-
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usad at soma resedial action areas is reachad ium sncichesn

of the soil. To whet extent radon can be drawn inlo & stru.ture depends
in part on the esss with which 1t can mowe from the sits of its crigln t.

tha structurs.

Radon Migsetfon in the Ground. In comparison w -, radon is
quite short iived; halt of e given amount decays In 3.8 «rv:. o« 4 90 percan:

Ascays in 1) days. It does not combine with anything ans 1s free to muva
in the ground if It can £irst get into the non-solid spacas in rock or sotl.
the "pores”. Of the radon that {e produced by zadium decsy, the nn.nﬂ%
thet gets 1nto the pores was termed the emanating pover by w.._nwinnonnvzt,
1901, but in tha 1960 °a various investigators started weing a varlety ot
torms for the sams thing: essnation cosfficiant, emsnating fraction, escéjs)
to-production ratioc, relsase ratic, and others. The smanating powey of
rocks and soils 1s deturmined sainly by what happens during the reco} t
the radon atom that is formed vhen a radium atam &.—snoo_.-nong Fa

2 is s schematic disgram that shows the possible endpoinis after the kindMDx
energy of the recolling radon ion has bean spent. In compactsd gran

saterlal whose pores sre filled with gas, naecly all recoiling ions eitha:
fail to sscapa the grains in which they originats or bacoma lodged In ad)

graine. Those that lodge in sdjacent grains do have some chance of ascapiin,
back into pores during & brief period during which the matter along thai:
patha is gaseous becsuse of the grest asount of snatrgy released. Mowt of
the atoms are trapped. Howsvar, a fils of liguld of sbout C.1-pm thickpess
absocts thea racoll anergy of ths radon lon and stops it in Lhe pors, s
that it is Lhen free to wove. In this vay, s small amount of caplllar
water ralses the emanating powar ot grsnulac saterisl from the ona or tw.
per cent charscteriatic of dasicceted material to the {35;20)% that 1s Lyp-

icel of sofls.

Once the radon is In porsa, motaturs hinders Its furlher mcvesant

Tra principal mechanisms of radon movessnt (n pores typical of serth materialx
are molacular diffusion, with which no net movemant of the major flulac
in the pores is necessary, and convection, by shich the radon atoms are
carried slong with major fluids, such as soll air or water. The dlistencs
that radon can move by diffusion betcore 90% dacays rangss fros sbout 5 «
in gresval Lo sbout 2 cw in ssturated mud ot clay; diffusive movamenl greata:
than one meter ls probably unusual . Whan a pressure difference pushes ai:
through the soil and carries redon with {t, the convective cosponent of
rsdon movemant can excesd the diffusive componant. The pecmesblility ot
the ground i3 the measure of the ease with which soll sir can be driven
through it. Both diffusivity and permsabil ity ars greatest for dry, coarse
matarial and lssst for water-ssturated, fine-grained matsrial, but permsebil

ity ranges over substantially wider limits. Significant convectiva flo.
of radon-bearing ground alr ieé conceivabla for distances of hundreds of
mtsce In open fracturs systesw in rock, but is unllkely to spproach auct
distances in soils. I estimale that rsdon movement by diffusion and convec

tion combined is usually less than two or thres meterd. This estimate {2
consistent with the vesults of some caraful msssuresmnts of raedon end_othac
rslevant quantities in a gravelly sandy loam in & semi-erid anv fronmant .

Caaslsication of the Raden Polsntinl of Acees

The inherent ability of the ground to aupply radon to etructurss bujlt
on it js really the charactaclistic that we need to advise ua to what externt
structusres in a locality are in need of extsrwiwve indoor radon testing o:
to advise s of the radan potential of localitiss not having enough structures
to constituta an adeguate sampl log population. Lacking an establ lehed term
I amcalling thia charscteristic the zagdon aymiiability of a ajle, I au
not eware of work done to define aither the dimanaions or range of tha quan
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tity, but I anticipate that the quant ity will be b-:.lu !.n- n_n.wo lbﬂﬂ.ﬂ.ﬂnﬂ””
«mooﬁ stabl ished within tha next yssr. It is primc Vo» m depandent
Foor A:anw. concentration of redon in the scil aic at the uwu:n-l teh
it e devm, (2] the rate of utzicton of the word uix,wnd (3) i prvstus
ditte o extract 1t. Juat e e T and paros
precipitation, snow cover, treezing ro”
.uoﬂnﬂnnn ﬂ%-ﬂ««- variations, thoss metsorological factors nhsn”.oo !m.»oMnnn
ﬂn make radon availability somewhat veriable, particulsrly as =ctN<-n st
o cays. hacting of atructures: snd seneracion of presavce
thuays, al .
a:»ouo..ﬁ.mnv"« ﬁ.ﬁ-. vhich have profound effects on »g?gg'lwﬁ“m
have no offect on the radon availabt(lity measuremsnt. rement
nﬁb%g used at vhatawver depths were appropriate ”-_ wonon&n-_“_ Mﬂlﬁﬂx”ﬁ..
[+
being more efficient snd indepandsn
!:&...Mm.:u&i»a—u “P“”ﬂg.ﬂ:-wn-s chazacterietics, the ngw-“ﬂ“vwsumm
e shuld lar v, the st ion peslens of cosparas oo wich
sgua «

M.ﬂl-ﬂh tso...oﬁ-n" Qﬂv.nw-&”.uhm-ﬂ“—mu maasursment oocwa be r..uno»u pmnn-n%ﬂ-ﬁ

. class

t & finsr scale than tha high, normal, or low
ﬂ“_ﬂthrs to charsctscize the indoor radon potentisl of areasd/

The Swedish og:no-n-na 1s Mo.l .omulwﬁ MM m.‘ n-o-whu_wm“p vﬂ"nnﬂnnn“
istios of an ares, Although nesrly eva adon hucvay hhe note
high indoor redon and the undaxlying . .
Mwlhoooﬂnnonuﬂuh-%g: v.n-lﬂ-:n»o-e. tha scettar of the dsta has rajsed “oc.”-
sbout tha accurscy of prediction based on geologic data. The !.u_-n Sﬂa : ¥
be dus to the building factors msentionad earl fer and to .sl-&..i«u: MW -2.”
of the permeability snd releted charscteristics of the onoi&-: the moens
surveysd. Gaoclogic formsations o:n».noow nwaepowu»n-«nn 53:«.#&.".02.'& Ny
busis of their permeability, nor parmm: usual y bas Lo
icat ilability at present m
toxr soll clessi? jon, Estimation of yadon ave : st
{ations smong uranium-seriss r
rely on knowlgdgs of the typical asscc pradboyy I abrs Sorai
nucl ides and the various rock and soil types, uul& -t pradin st
stion and weathering of vook to make it more psrasabls e
aciation, and the ways in which topogrephy
.nhﬂn“unli%an".”m oh.n influances psrmsability. The principles are clear ow:o.an :ﬂ.m
but theic application to prediotion of radon availability 1s speculs

at preasent.

Correlaticons Hetwnan Gacloolc Seaisee and Indeor Radon

Some corralations have slresdy been reported between geologic nudwp-o..“
and radon concentcetions in buildings situated on thea. Other ﬁaonni -::-;
mey be iInferred on tha basis of expectstions about thelir rad :l.oﬂnvo -
tions and the factors that govern redon migration. Use of both the Q-M:“:
and the expected correlstlons is speculative to soms degrea, coo!l-.. S Jren
a specific rock type that has besan implicated we » souros of hig 00

. xadon in one study may differ from cther rocks of the cams typs in some

critical charectacistic, such ws extensive frackuring. -

iden

rocks ars derived from & smoltsn mix of silioates, ox .

and l»:on.?o »%naona-n-eﬁ smounts of most of the slemsnts, including the nnnponnnh.i

onas, As this six coole, the major unpnvpgunﬂ n!’-l -'vnsnn'u-u.‘o”ninﬂﬂ:h—bum
A rtticuler, is Incompatible w

mmﬁwﬂm.-a unn etays in the mselt :rz.om nn.n-wﬂnun.”uuﬂu-nu-ﬂﬂ .ﬂnﬂﬂ
int sol idify. The last pert [ ]

“Fnﬂ-a MMI"oa—Zo: uvun Classitiss it as & granite or grancdiorits, -”n

it ts with thoss rocks that uranium end thorium are ususlly found in ths

greatest abondance, The Scardinavian granites have besn found te correlate

with sucesaive indoor radon lewvels, and in Swatien are & basis for clessitying
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an area o8 “high™, I Mew England, meny wells drilled into graniie produce

vater that has a radon concantration high encugh to raige indoor radon levels
algnif icantlyd

As rocks are broken doun by water, tharmal expans ion and contract {on,
wind, and eacth movemsnt, the products, ranging froa large blocks to fine
perticles and solutions, may become the tiret stege of the formation of
s sedimantary rock, Uraniums tends to becoms oxi1dized and mobile by these
“wsathering” processes, whance it Ay move 1o the sea or may becoms lamobn 1l -
ized sgain upon being reduced, ususlly ss o result of organic activity,
Subsequent compact fon and cementation can produce a seadlmentary rock that
is anciched in uranium, and turther heat, Prsgaure, and tlee cen convert
the rock to various gradee of mtamorphic rocks. In the Wast, gruater redjo-
bnp_iwn\ has besn tound to be assoc lated with the ewr) ler stages of matamor-
phiane, but in the East, some of the rocks of the graatest uranivum-seriee
radicact{vity ere iata-stage, high-grade sstamorphic rocks called gneisses .
The Reading Prong of Pennaylvanie, Hew Jecsey, and New York im o hetero-
Qenecus province of nonuniform redioactivity., At least scme of 1ta radio-
active units sre 0ld gneisses probably decived from sedimante that waie
snriched in :ut:-FLbM Later periods of mountain bullding and defarmst ton
have ahsared and frectured the graisees, 20 that they have increased perma-
abiliiry, as well as an entichment of uraniuvmseries radionucl ides. Other
deformed gneiwses are present In the Appalechians, and need to be Invesstl-
gated with reapect to thair radon potential. Gneisses ace found slssvhars
Inthe U. 8., but are Penrally younger ) less deformed; their potent{al
for wery high radon availabil ity is unknown, ~

Great blological activity in shallov sess can produce a reducing e Iren
®enl Lo cause precipitation of ursnium from water. The product is sonal
& dark shele of slevated uranium-ser ies radioactivity, An ..xll&o.nnﬂuﬂ
Swadish “alum shale®, hae produced high indoor radon levels in housas
hava been built upon (t or thet have been constructed of concrete wilad
it o8 an sggregate. In the United States, axtensive arsas of dark shales)
of lower radicsctivity than the Swadish alum shals, are found to the ...ﬁ
snd wast of the Appslechians. One of the dark shales in Mew York St
has been found to correlate with highat indoor radon lavals than doss
rwjlonal esndetons formationil/

In the marine environmant, urenium often is adsorted or precipitated
with phosphate. Structures bullt on aall ovearlying near-surface phosphate
beds, on the material remsining after extraction of phosphate, or on msoil

haavily tomated with Partially refined phosphate fertilizers may hava elavated
levals of indour redon.

Limestones and dolomites are usually considered to be anong the least
radionct ive rocks on & basls of theidr bulk radlomctivity. Hovever, thay
Ve suscept ible to cacrystall izetion, which produces rocks consisting of
tairly puse celcium or calcium meynias ium carbonate crystals plus intergranul ar
refuss of all the other slecants that were present in tha original sediments.
In dolamites these intergranular spaces can be quite largs end interconnected.
Urantum-series radioact ivity is concantzated in the spaces, wherw it ls
svatlahle to fluide »moving through the rock. Highsr tndoor redon levels

:-fuoc:novonnoa-:so:u.- located o:»m\uo!x.l dolomite ridge around Ouk
Bidge, Tennswsea, then in the valley homasle/

Limestones may be dissolved slowly by waler, lesving & reddish-brown
801l known as a tagpa Eosga. The diatinctive color is caused by oxidation
o! iron, which atfectively scevangas csdionucl ides. Such msidual eoile
82y bs sources of elevated indoox gedon.
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! rocks that sre of sbova-sversge uranium-seriss radiosctivity
and -“Mﬂ-znoh-n ars derived from them, scme soils are good rsdon SOULCeE
aiasgply because thay sre very permsable. Gravels and ssnds of roughly unifors
grain sias are vary psrasable ond drala vall if there is soms place for
vatear to go. One very general effact of ropographic relief is that the
arceion of cidges and hilleides tends to cacry the coarsest aaterlsl the
shortest distanca and the finest msterial the greatsst distance. The sofl
on the hillelde is tha coarsar matscial, and is vell dealned, so that it
should have mxh highsr perseabllity than that of the more level land up_.otww\
The tendsncy of uranius-seriss radionuclldes to prefer the finexr sedimants
should compansats to some axient. If the scil on a ridgs or hilleids le
thin, and the bsdrock has the charactecistios of any of tha rocks santioned
sarljer, thare is & chanoe of considarably snhanced radon svallabllity.

Glacistion csn result in deposite of grawel or coarss sard. Such depos-
ite should have High permssbility and consequant snhanced redon availability.
In sddition, many of the glaciated aress in Bev England have bedrock ot
greater then average ursnium-series cadicsctlvity. In Scandinavia, long,
sinuous ridges of stratified gravele and sands, sasociatad with glaclation
and known as sshers, ape souroes of elevated indooc radon levels, Other
glacial deposite of gravel and sand, known os kamas, sppear as isolated
or clustered mounds; they also sre ept to have eahenced radon availability.
Glaoisl till nocrmally contains such fine ssdimant snd is expscted not to
have enhancad radon sveilability unleas the ssdiment is of unusually high
radicact ivity.

Clays and muds ere coaposed of fine pacticles vith small porss. Thay
hold much cepiilary water, which teads to close inter-pore opanings and
to inhibit both ditfuslon and convective tlow from pore To pore. Clays
and muds normally retaim vater stfaotlively, asd it nearly sstucated they
should have lov radon aveilability. If ground fails to pass the percolatlon
test that is used to dstecmine Its sultsbility for a ssptic drain field,
it should have low perwssbility snd redon availability.

Clays and suds tend to cxack if they sre dcied, however, vhich should
leed to markedly incressed parmsability. The clty of Winaipag, Menjitoba,
has the highsat aversge indoor sados levels found in the Cansdian nationsl
surveyld/, The city (s undarlain by a thick cley layer that is dry and has
axtensive crackeld,

In the oxldizing surface enviromssnt, uraniue is readily laached from
many sourcs tocks and msy be sdsorbed on soil psrticles in & "dispecrsion
halo™ covaring a much larger arsa than that of the source rock. A dispersion
halo aoccurs in the downward dirsction of surface and ground water movamant,
but becauss the halo may ba ths result of very long pexiode of dispersion
{aven milljcne of years), the direction of contemporary watsr sovemsnt may
not ba & reliable indicator of the location of an swpacted halo,

Soma inetances of high indoor redon stise from umusvel circumstances.
The £irst two of these special situations dapend on close coatact between
structures and fractursd rock of goester ucshium-serles radissotivity than
the soll dexived from it, Becsuss of tha tendancy of radlosativity to be
leached from scil snd the lesser permsabll ity expected for the sell, & fev
mmtars of soil should tend to insulate howses foes radon issulng frem uranium-
enciched pecmeable xook. Tha striking house-to-house diffsrences In indeor

radon levels in ona locality of the Beading Prong ars probably dus to this

effact. Locslities that have uranius entichmsnt in vein deposits, In shear
2ones, and in dikes of pegmatite {a coarse-greinsd rock usually of grenitic
cosposition) require close assessmant to avold missing houses having seversly
elevatsd indoor radon lewels.

ORIGInAL
(Red)

The Indoor redon problems assocliated with ceclaimed phosphate land

radium contaninated land, and technological snhancement, such as by ua«

of uranium mill teilings for building foundat {ons and conc
obvicus and wall known, Fete blocks. an

Az was mentionsd above, wells drilled into fractured granite or gneis

somet imws Yiald waler of very high radon content. Concentrs

of 109 to 105 pPC1/L can reault in significant indoor n&gn—oﬁhmwawﬂooa“
outgasuaing of radon from the water in showars, baths, laundries, and olthe:
domestic uses. Geologic regimes that ers associated with such high concen
tratiors of radon (n watar oftsn have snhanced soil radon availability also.

Concluslions

In attempting to predict the Indoor radon potantial of areas, w are

doubtless in for some unplsasant sucpriues. However, radon avajlabllity
bears a sensible relationship to gsologic factors. As our sxparience accums-
lates, ws should becoss more compstent and eff icient in classifying Indoor
radon potentiml. On-site measurements of radon availablility can be used
to refins the estimetes at & locel scala, especially where tha geclogy Is
hatsrogenacus or the topography is frreguler.
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JF JACOBS ENGINEERING GROUP INC.
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March 11, 1988

Mr. Steven Kinser

U.S. Environmental Protection Agency
Region VII

Superfund Branch

726 Minnesota Avenue

Kansas City, Kansas 66101

Re: Potential Biotransformations of Chemical Compounds
Detected at the Byers Warehouse Site
Work Assignment No. 235

Dear Mr. Kinser:

Please find enclosed an assessment of the results of chemical analysis of
water samples from the warehouse basement and Well No. 2, in regard to
potential biotransformation processes.

Please contact Jill Biesma, or me at 913-492-921% ‘should you have any
questions.

Sincerely,

ﬂ;ﬁ?arxef
Reglo VII Manager

GEP/33d

Enclosure

cc: Raja Krishnamoorthy
Linda McGowan
Chris Williams
Valda Terauds
Pam McKee
Mark Doolan
Jill Biesmz
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March 14, 1988
TO: Steven Kinser, U.S. EPA Primary Contact
THRU: Jill Biesma, Jacobs Engineering Group Inc.,

Kansas City, MO (Region VII)

Linda McGowan, Jacobs Engineering Group, Inc.
Denver, CO (Region VIII)

Chris Williams, Jacobs Engineering Group, Inc.
Denver, CO (Region VIII)

Valda Terauds, Jacobs Engineering Group, Inc.
Albuguerque, NM

FROM: Dr. Rajagopal Krishnamoorthy, Jacobs Engineering
Group Inc., Houston, TX (Region VI)

SUBJECT: Evaluation of Groundwater Chemical Analyses Data
with Emphasis on Potential Subsurface Contaminant
Degradation at the Byers Warehouse Site, St.
Joseph, MO. Work Assignment No. 235

I. OBJECTIVE OF STUDY

In their memo of January 6, 1988, Vulcan Chemicals reported
that concentrations of several compounds detected in the
sample taken from Well No. 2 appeared to be "radically
disproportional to all of the previous analyses of the
basement intrusion water". The objective of this study was
to evaluate whether: (a) the basement water could have had
an influence on the quality of the groundwater sample taken
from Monitoring Well No. 2, and (b) such anomalies are
possible if the degradation of chemical compounds in
subsurface soils and aquifers is taken into consideration.

Limited site hydrogeologic information is presented below.
This discussion is followed by a summary of potential
biotransformation processes for each chemical compound
detected in the groundwater sample from Well No. 2.

II. BACKGROUND

A. Site Hvdrogeology (Refs. 1,2,3)

Very little site-specific hydrogeologic data is currently

available. This information consists primarily of data

collected during the installation of three groundwater

monitoring wells at the site. According to the boring logs ’
for these wells, the site is underlain by Holocene-age ‘

AR300822
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alluvium, which consists of clays, silts, sands, and some
gravel. The depth to bedrock is estimated to be greater
than 78 feet below the ground surface, as bedrock was not
encountered during boring No. 1, which was completed to a
depth of 78 feet. Other borings in the vicinity of the site
indicate that bedrock may be encountered at approximately
100 feet below the ground surface. Bedrock in the region
encompassing the site consists primarily of interbedded
limestones and shales. These units range in thickness from
less than a foot to approximately 20 feet, and are
classified as belonging to the Lansing and Kansas City
Groups, middle Pennsylvanian in age.

The unconsolidated deposits at the site appear to be
heterogeneous, with the primary water-bearing units being
silts, sands, and gravels interbedded within clay units.

All three wells (1, 2, and 3) were completed in wnat appears
to be clayey silts with a trace of sand and gravel. In each
boring, groundwater was first encountered at approximately
15 feet below the ground surface. Due to the limited
hydrogeologic data, the lateral and vertical continuity of
the water-bearing units and potential contaminant pathways
have not been defined.

Vulcan's consultant has presented a potentiometric contour
map of the unconfined alluvial aquifer, based on water level
elevations in the three onsite wells on November 19, 1987.
This map, included as Figure 1, shows the general direction
of groundwater flow as toward the northwest. This figure
also indicates that Well No. 2 is directly down-gradient
from the warehouse basement, whereas Well No.1l and Well No.3
are cross-gradient.

It should be noted that three data points may not provide
enough information to make a determination of the long-term
flow pattern. There is a potential that localized sources
of recharge (such as water lines, sewer lines) and drainage
conduits (such as the 13-foot brick-lined combination
sanitary-storm sewer adjacent to the site) may influence the
groundwater flow pattern at the site. Without further data,
potential contaminant pathways and groundwater velocities
cannot be extrapolated. Investigations pertaining to the
hydrogeologic conditions at the site are ongoing.

B. Site History (Refs. 2,4)

Byers Warehouse, located in a residential area in St.
Joseph, Missouri, was used to store banned fumigants and
pesticides. The building consists of two floors and a
basement. The basement contained Ethylene Dibromide (EDB)
in liquid formulations in 1 gallon, 5 gallon, and 55 gallon
containers. Over time, some of these containers leaked.

The basement floor has developed cracks and seepage of water
into the basement has been observed. The water level in the

AR300823
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basement has risen and fallen several times since the
problem was discovered inadvertently by the local police.

The source of the basement intrusive water is not known at
the present time. Possible 'sources under consideration
include: (a) groundwater beneath the site, (b) water
draining from the roof or from areas near the warehouse
foundation during periods of precipitation, (¢) a leaking
water or sewer lateral near the warehouse basement, and (d)
storm water flow in the combination storm and sanitary sewer
adjacent to the site.

The top floor of the warehouse currently contains dry
formulations of a Dimethylamine salt mixture containing
2,4,5~Trichlorophenoxyacetic Acid (2,4,5-T) and 2,4~
Dichlorophenoxyacetic Acid (2,4~D), while the ground floor
contains both liquid and dry formulations of the same
compound.

III. EVALUATION OF THE RESULTS OF CHEMICAL ANALYSIS

The results of chemical analyses of groundwater samples
collected on December 8, 1987 from Well (Piezometer) No. 2,
and the results of chemical analyses of several standing
water samples from the warehouse basement and boiler room
(collected in August and September of 1986) are presented in
Table 1 (Ref. 5). The possibility of the occurrence of
contaminants in Well No. 2 as a result of leakage of the
chenicals in the warehouse basement is discussed in the
following paragraphs.

A. Hydrogeological Data Related to Potential Contaminant

Well No. 2, which appears to be down gradient from the
warehouse basement, is located approximately 65 feet from
the northwest corner of the boiler room (Figure 2). The
first water strike in Well No. 2 occurred at approximately
14 to 15 feet below the ground surface. The well was
screened from about 15 to 25 feet below the ground surface.
The depth to water in the well was approximately 9.6 feet
below the ground surface on November 19, 1987 (Ref. 1). The
basement is estimated to extend about six to eight feet
below the ground surface. Thus, it is possible that the
basement floor is gquite close to the water table in the
shallow alluvial aquifer. The existing data is not
sufficient for evaluating temporal variations in water
levels in the shallow alluvial aquifer at the site.

However, the possibility exists that high water table levels
during periods of heavy precipitation may, in fact,
intersect the basement. The possibility also exists that
the basement intrusion water may leach from the basement
into the vadose zone and then into the groundwater.

AR300825



‘g6t ‘9 Azenuep ‘ALuaby uoj3I0BI0I4 TBIULWUOIIAUZ *S°()

fADBUTN PA9lS 0} ‘ElRIJWEUD uediuna ‘A (Ul 'r 8A9)S WO1J osouepuodsaiio)

*1 xjpuaddy ‘9gul ‘1f 1equedey

ruoq8oM *d Aoy ' 1An0sBIW ‘YdeSO[ 35 ‘uLhoyadeM [R]DIWWOD @Jdedd 10) Q30dey

16a0UIV joy

W v NYl
s\ sw) przhpue (ov ddwegeyy

pauodas anjea usys sendig
BG OF UAMOUY 8] BO{IVANIIUG Y]

VN @) an ot aN oLe (o21) uN (o'zd) uN 0¢h) an Iy uN (oz1) uN UNVILLEHWOWOUY
(13 ) aN o an 1) UN © 1) uN (o)) aN 1) aN o an (o) aN UNYILLJONO THDINL V'V
[ on) an ol) aN (0ol) GN 0o1) UN (o'on) an (o1 aN (oo1) aN (0o01) unN HUNO WD ENTTAMLIN
111 @) aN 0'1) aN 1) an 1) uN N aN W uN 1) aN o1 ON BNdHLLONO WIDIA 1)
w's) nz @r1) aN {ori) ON 009 (i) UN 008 008¢ [ 1143 (071} OGN HUWIOTD IANIA
¥N ) aN (0T8) GN (147 ©Zi) UN oze (193 ost (01 aN HNVILLINOYO BID
VN VN YN VN VN 34 st o1 an (u's) aN HALLINSIA NOY¥YD
0s) an @1 aN 13 ‘gort ust w1 an (0'8) AN (1) uN 9 UNVANOJOMOUIDIA L'}
ore t 5 17 1) uN oL 114 19 1) aN BNHILLEO 30 HOVLRL-T T
ois ooLs 0015 @ N 00or1 1 73 oLt s olL (O BUWNO IDIU BREANLA
ot oot 0081 000041 ovuiLL 1081 0Lt ol ott (9@ BUWOYUIA AN IAILLE
__. wnan 1 aN 91 (0°1) uN 1 L [13 01) aN GDL) dNT TAILLAONO NI AL
's) an 000y 000£% 00087 ovure [ T34 (114 (o)) aN s BUNO HDYLLLL NUYIVD
os¢ ofs [} 00082 [TIY (1) oL e oL N0 1D
_cs @nan N aN ”t 1) UN 4 [ 4 [4 1) uN HNVILEONOIHOVULBL-TT VY
S sicele salczle ss/otle sufotis susi/s 98isin 9RISIE LITIST)
Lleit INAWAsSVE INEWSVE WOOU T UOd ANHWISVA WINYOO MN JNAIS  MENNOO MSNNS  TIVA HIWIS  YIVNIS ¥ 1S AINVNINVINOD
LTI SLOIPIVY yLOI9DYY £EO19DVY 120190vYV $10190VYY rio19dvY £10190VY T10190VY
TVOIGID NYDTIA TUNYE Vid Tldnvs vas TUNVE V@R WRINVS vdd TUWNYS véd WNYS vaa HIAWVS vdil F1dN VS Vdd

{T/D0) SNOLLVNLNUINOO LNVNIKVINOI-VLVG WINYS | 1AV

AR300826



| | 4

N

0 25 50
Scale In Feet /f
13" Brick W/ %
7
4
<
S Warehouse
Boiler Sump
el W\ L3
' 3 ‘O o
~ 2 P 0] | O
T | .
Elevat
7 | ; £
./'/ [ Attachec | Basement =
Metal | ‘4'
Empty Shed [ Sumcs
Shop
F Py L L
Penn  Strest
LEGEND
o Property Corner
.91 Piezcmeter/Well Location & Numper
A A’
A A Cross Section
' Figure 2.
. - ENGINESRING
CROSS SECTION LOCATION MAP E%g e me
Byers Warehouse Vo IR |y T
AR 3 g 8 2 7 CATE: perriz-y 2 1282




B

B. e actors uenc Contaminan s

The transport of organic contaminants in groundwater is
affected by several factors in addition to groundwater
gradients and hydraulic conductivities of subsurface soils.
Transport of dissolved organic contaminants can be
influenced by advection, dispersion, sorption and
retardation, and chemical and biological transformations
(Ref. 21). Factors affecting the transport of immiscible
organic liquid phases include density and viscosity (Ref.
21). Thus, contaminant transport at a specific site is
highly dependent on the physical and chemical properties of
the contaminants in addition to the site environmental
conditions.

Additional data are required to assess the transport rates
and environmental fate of contaminants at the Byers
Warehouse site. However, microbial activity is believed to
be responsible for a portion of the observed differences in
contaminant concentrations associated with the groundwater
sample from Well No. 2 and the basement water samples.

Transformations mediated by microorganisms are generally
rapid compared to most chemical reactions occurring in
shallow water table agquifers (Ref. 21). Many factors
affect the rates of biotransformation of organic compounds,
including water temperature and pH, the number and species
of microorganisms present, the concentration of the
substrata, the presence of microbial toxicants and
nutrients, and the availability of electron acceptors (Ref.
21). Many shallow water table aquifers contain at least 10°
microorganisms per gram of agquifer material (Ref. 7) and
surprisingly high numbers of bacteria have been found in
shallow, unconfined aquifers at depths of six meters or less
(Ref. 21). Thus, it is quite possible that conditions
suitable for biotransformation exist in the shallow alluvial
aquifer below the site.

C. Example of Potential Chemical BRiotransformations in an
Aquifer Environment

The following paragraph presents the potential fate of
several organic contaminants with different potentials for
biotransformation in a hypothetical environment. This
scenario involves a bulk waste which releases a continuous
source of dissolved and unretarded solutes (U), and two
pulse sources (F and S) in a very simple hydrogeologic
domain: a uniform, unconfined sandy aquifer underlain by a
horizontal aquitard. One of the two pulse sources has a
specific gravity greater than one (S for sinker) and the
other has a specific gravity less than one (F for floater).
This hypothetical case is shown on Figure 3 (Ref. 21).
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Figure 3.

“Wels 12 3

Continuous source of dissolved, unretarded solutes (U) and two pulse
sources: floater (F) and sinker (S). The aquifer is aerobic except within the
anaerobic U plume. Dissolved F degrades aerobically to CO, and water.
Dissoived S degrades anaerobically to by-product SS, which is not readily
degraded and is less retarded than Sor F (Ref .21 ),
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Assume the leachate from the bulk waste contains readily
biodegradable organic solutes. Assume also that the
resultant microbiological growth in the aquifer renders the
traversed zone anaerobic, as shown by the nonsorbing tracer
U on Figure 3. The remainder of the saturated zone stays
aerobic. A small source releases an organic liquid
"floater” F, which is slightly soluble. Once contaminant F
is dissolved, it can be completely mineralized (transformed
to CO,) under aercbic conditions, but it is not
biotransformable under anaerobic conditions. Another small
source releases an organic liquid "sinker" S, which is
slightly soluble. The dissolved contaminant S is not
transformable aerobically, but can be biotransformed under
anaerobic conditions to an intermediate SS, which is more
mobile than S and not readily degradable. In this case,
contaminant F disappears from the aerobic zone above the
leachate plume but persists within the plume. Conversely,
contaminant S persists below the bulk leachate plume but
disappears within the plume. Contaminant SS, which would
not be found in the waste source itself, appears within the
bulk waste leachate plume as a result of biotransformation.
In this simplified portrayal, no contaminants are observed
in Well No. 1 as shown on Figure 3. Well No. 2, however, is
affected by the bulk leachate plume U, the persistent
portion of the F plume, and the transformation product SS.
‘Well No. 3 is affected by contaminant S only.

The above discussion suggests that, (a) both aerobic and
anaerobic transformations of organic contaminants in
shallow, unconfined agquifers can occur given the proper
environmental conditions, and (b) depending on site-specific
conditions, anomalies can be observed between the
concentrations of contaminants at the source and in a
monitoring well.

D. Potential Biotransformations of Chemical Compounds
Detected at the Bvers Warehouse Site

The apparent disproportionalities observed for specific
compounds in Table 1 are evaluated in the following
paragraphs in terms of potential microbial transformations
in the shallow water table aquifer. Although other factors
such as chemical reactions and volatilization of the
contaminants could also play a role in the fate of the site
contaminants, these factors are not discussed in detail in
this report. '

Specific data and information from selected research
literature are presented with each chemical compound
discussion, supporting the view that these processes may be
occurring at the site. Much of the referenced material
represents controlled laboratory experiments which may or
may not be similar to the field conditions. At this time,
the conditions of the aquifer relevant to biotransformation
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are not known. Therefore, while this report provides data
supportlng the hypothesxs that these processes may be
occurring at the site, the likelihood of the occurrence of
these processes and the associated rates of transformation
cannot be determined from the limited site-specific data.

More detailed informatlon on biotransformations of these
compounds is presented in the Appendix.

(i) Ethylene Dibromide (EDB): The range of EDB

concentrations found in the basement samples (including
the boiler room) was 170 to 170,000 ppb and the
concentration in Well No. 2 was 30 ppb. Research has
shown that EDB degrades both aerobically and
anaerobically in aquifer material (Appendix). Under
experimental methanogenic conditions, greater than 99
percent of the EDB was removed in about four months.
Under aerobic conditions, 10 to 12 percent of the
initial EDB concentration was mineralized 1n five days.
Downward migration of EDB(sg .gr.=2.17 at 20°C; water
solubility =4000 mg/l1 at 20”C,pH 7) along with part1a1
degradation by microorganisms could have resulted in
the low detected concentrations of EDB in Well No. 2.
Intermediate compounds were not observed, possibly due
to complete mineralization of the biodegraded fraction
by bacteria.

(ii) 1,1.2.2-Tetrachloroethene (PCE): The range of PCE

concentrations found in the basement samples was

"not detected"” (ND) (detection limit=1 ppb) to 70 ppb.
The concentration in Well No. 2 was 740 ppb.

Undissolved fractions of PCE (sp.gr.=1.63 at 20°C;
water solubility=200 mg/l) could have migrated downward
to the bottom of the aquifer. A portion could have
dissolved in the water table and been detected in Well
No. 2. It is possible that the original concentration
of PCE in the basement before its discovery was greater
than 70 ppb. Research has shown that under anaerobic
conditions, PCE can degrade to trichloroethene (TCE)

in aquifer materials (Appendix). In laboratory
experiments initial ppm levels of PCE were
biotransformed to ppb levels of TCE in about two
months. Only a small fraction of PCE undergoes
transformation (reductive dechlorination). This could
have occurred in the aguifer at the site, resulting in
the detected 41 ppb of trichloroethene in Well No. 2.
The intermediates of PCE degradation, 1,2-dichlorethene
(1,2-DCE) and vinyl chloride (VC) were not detected in
Well No. 2, possibly due to further degradatlon to
harmless products (Appendix).
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(iii)carbon Tetrachloride (CT): The concentrations of CT

(iv)

in the basement samples and Well No. 2 were

ND(1.0 ppb) to 44,000 ppb and ND(5.0 ppb),
respectively. Studies have shown that CT can be
biodegraded under both methanogenic and denitrification
conditions (Appendix). Both reductive dechlorination
to yield chloroform(CF) and hydrolysis to yield carbon
dioxide can occur. In laboratory experiments, nearly
complete transformations of CT were reported to have
occurred in three weeks to two months (Appendix).
Thus, complete transformation of CT may have occurred
in the site aquifer, leading to undetected levels of CT
in Well No. 2. The formation of chloroform from CT
might partially explain the detection of 350 ppb of
chloroform in Well No. 2. It has been observed that
less than 10 percent of CT is converted to chloroform
in reductive dehalogenation (Appendix). A portion of
CT could possibly have settled to the bottom of the
site aqulfer(sp gr.=1.59 @ 20°C; water solubility=800
mg/l @ 20°C,pH 7). The transport of CT through the
site soil materlals could also have been retarded due
to its high octanol-water partition coefficient (log
Kow = 2.64).

)ghloroform (CF): The concentrations of chloroform

observed in the basement water and Well No. 2 were 66
to 28,000 ppb and 350 ppb, respectively. Studies have
shown that chloroform can be degraded anaerobically by
methanogenic bacteria, but not by aerobic and denitri-
fication bacteria (Appendix). In laboratory studies in
the presence of methanogenic bacteria, CF was nearly
completely transformed to carbon dioxide in 16 weeks,
based on.an initial concentration of 34 ppb, and 70
percent transformed in 16 weeks, based on an initial
concentration of 157 ppb. In another study under
acclimated methanogenic conditions, CF was nearly
completely transformed to carbon dioxide after three
weeks of incubation. 1In this study, the initial
concentration of CF was less than 100 ppb (Appendix).
Degradation of CF could have occurred in the site
aquifer, resulting in detection of a low level of CF in
Well No. 2. Methylene chloride, a structural analogue
of the CF, can be removed in an anaerobic environment.
As in the case of CT, a portion of ‘the CF could also
have settled to the bottom of the site aquifer

8 .gr.=1.48 @ 20°C; water solubility=8200 mg/l @

C,pH 7). CF is the breakdown product of CT as

descrlbed above.

Ethylene Dichloride (EDC): EDC concentration of ND(1.0
Ppb) to 14,000 ppb and 810 ppb were observed in the
basement water and Well No. 2, respectively. It has
been suggested that EDC can degrade both aerobically
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(vi)

N =, R
and anaerobically in groundwater. In laboratory
experiments, the primary transformation product was
carbon dioxide (Appendix). Under experimental
methanogenic conditions, a concentration reduction of
63 percent was observed after about six months of
incubation. Degradation of EDC could have occurred in
the site aquifer, contributing to the low level
detected in Well No. 2. Any undissolved portion of the
EDC could have also settled to the bottom of the
aquifer(sp.gr.=1.26 at 20°C; water solubility=8300 mg/1
at .20°c, pH 7).

Trichloroethene(TCE): The concentrations of TCE in the
basement water and Well No. 2 were ND(1.0 ppb) to 36
ppb and 41 ppb, respectively. TCE is an intermediate
during the degradation of PCE(Appendix) and hence PCE
degradation (a contaminant in the basement water in
addition to Well No. 2) could have contributed to the
detection of TCE in Well No. 2. Under anaerobic
conditions, initial ppm levels of PCE have been shown
to degrade by reductive dechlorination to ppb levels
of TCE in about two months (Appendix). During a time
span of about one and a half years, it is possible that
740 ppb of PCE in Well No. 2 could have yielded 41 ppb
of TCE. It has been shown that reductive
dechlorination of TCE is isomer specific and produces
1,2-DCE, not 1,1-DCE under anaerobic conditions
(Appendix). It has also been shown that under
methanogenic conditions, TCE can degrade slowly from an
initial concentration of 155 ppb to as low as less than
one ppb in about 10 months. TCE is not normally
degraded under aerobic conditions. TCE is generally
immiscible with and more dense than groundwater
(sg.gr.=1.46 at 20°c; water solubility=1000 mg/l at
20°C, pH 7; log Kow=2.38). Thus, a portion of the TCE.
could have settled to the bottom of the aquifer, and
contributed to the concentration observed in Well

No. 2.

(vii)Methylene chloride(MC): The concentrations of

methylene chloride in the basement water and Well No. 2
were ND(10 ppb) and 6.1 ppb, respectively. Although
this compound was "undetected" in the basement water
and detected in Well No. 2, it should be noted that the
detection limit for the basement water was 10.0 ppb.
Hence, methylene chloride could possibly have occurred
in the basement water at a concentration below the
detection limit. 1In general, MC is expected to degrade
under aerobic conditions. 1In laboratory studies, MC
has been shown to be degraded by methane-oxidizing
bacteria and by Pseudomonas strains under oxygen-
limiting conditions. MC is a structural analogue of CF
and could be an intermediate formed during the
anaerobic degradation of CF. MC is a dense, soluble
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(polar) compound (sp.gr.=1. 33 at 20°c; water
solubility=20,000 mg/l at 25°C) Thus, MC can settle to
the bottom of an aquifer or dissolve in water.

(viii)l,1.2.2-Tetrachloroethane(1,1,2,2~TECA): The

(%)

IV.

concentrations of 1,1,2,2-TECA in the basement water
and Well No. 2 were ND(1.0 ppb) to 3 ppb and 8.3 ppb,
respectively. Since 1,1,2,2-TECA is dense(sp.gr.=1.63
at 20°c) and not very soluble in water (water
solubility=2,900 mg/1l at 20°c,pH 7), it is possible
that it could settle to the bottom of the aquifer. Its
transport could have also been retarded by sorption
onto soils (log Kow=2.56). It has also been shown that
1,1,2,2-TECA can be transformed to 1,1, 2~
Trichloroethane (1,1,2-TCA) under methanogenic
conditions (Appendix). These factors could have
contributed to the disproportionality observed in the
chemical analyses.

-Tric e(TCA): The concentrations of TCA
in the basement water and Well No. 2 were ND(1.0 ppb)
and 36 ppb, respectively. TCA is not expected to
degrade aerobically or under denitrification conditions
in groundwater (Appendix). It can be degraded to
1,1-DCA under anaerobic conditions and to 1,1-DCE under
ablotlc condltlons(Appendlx) Since TCA is
dense(sp.gr.=1.34 at 20°C) and not very soluble in
water (water solubility=4,400 mg/1 at 20°C, pH 7), it is
possible that any TCA that might have orlglnally been
present in the basement water could have settled to the
bottom of the aquifer.. A portion could also have
dissolved in the groundwater, leading to detectable
concentrations of TCA in Well No. 2.

;,1-Dichloroethene(DCE): The concentrations of DCE in
the basement water and Well No. 2 were ND(1.0 ppb) and

35 ppb, respectively. DCE is a breakdown product of
TCA, which was detected in Well No. 2 at 36 ppb. It is
possible that the source of DCE in Well No. 2 was the
degradation of TCA. DCE is a dense contaminant(sp.
gr.=1.22) which .is 1mmlsc1ble in water(water
solubility=400 ppb at 20°C and pH 7). Thus, this
contaminant could have settled to the bottom of the
aquifer. Under methanogenic conditions, DCE in aquifer
material can be converted to vinyl chloride (Appendix).
An initial DCE concentration of 124 ppb was shown to
degrade in a laboratory experiment to 1 ppb in
approximately ten months.

SUMMARY

This study has shown that anomalies such as the results of
chemical analyses at the Byers Warehouse site are possible
if a contaminant migration pathway exists between two
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sampling locations and if biotransformation reactions have
occurred. Based on the above discussions it is quite
possible that a migration pathway exists between the
warehouse basement and Well No. 2. Furthermore, the
conditions in the shallow alluvial aquifer below the site
could potentially be suitable for biotransformation
processes to occur. Thus, biotransformation of the chemical
comppunds detected in the standing water from the Byers
Warehouse is considered a potential factor in the observed
contaminant concentrations in the groundwater sample from
Well No. 2.

Potential transformation of the chemical compounds detected
in the samples of standing water from the warehouse basement
are summarized in Table 2.

While this study provides data supporting the hypothesis
that contaminant migration and biotransformation processes
may be occurrlng at the site, the likelihood of contaminant
migration and biotransformation cannot be determined from
the limited site-specific data.

The following activities are proposed for future
investigations to provide additional data for evaluating the
potential for biotransformation at the Byers Warehouse site:

o Assess the types and lateral and vertical concentration
distribution of microorganisms present, if any, in the
subsurface soil and the shallow alluvial aquifer.

o Assess the soil and groundwater of the shallow alluvial
aquifer in terms of the temperature; pH and reductive
potential (Eh); dissolved oxygen; electron acceptors
such as nitrates, sulfates, carbonates; methane:
sulfides; BOD; COD; TOC; and other nutrients. This
assessment should include the lateral and vertical
profiles of these parameters, if appropriate.

o Assess the presence of transformation products and
intermediates in soil and groundwater samples from the
shallow alluvial aquifer.

o Quantify the contaminants present in the groundwater at
the bottom of the shallow alluvial .aquifer.

o Determine the elevation of the basement and boiler room
floors relative to the water level in Well No. 2.

o Assess the average hydraulic conductivity of the
shallow alluv1a1 aguifer at the site.
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APPENDIX
SELECTED TRANSFORMATION REACTIONS

FOR HALOGENATED ALIPHATIC COMPOUNDS
FOUND AT THE BYERS WAREHOUSE SITE
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TERMINOLOGY wrale

e
fhies,

COMETABOLISM: Refers to a microbiologically-induced change
in a molecule that modifies the compound somewhat, but not
to an extent sufficient for the responsible populations to
utilize the substrate as a source of energy or of any
nutrient element it contains. Hence, despite the alteration
in the molecule, it is not mineralized, and products of the
partial transformation accumulate in the environment.

Example: SUBSTRATE TRANSFORMATIONS BY BACTERIA
RIMARY SUBS TES

AEROBIC & ANAEROBIC: GLUCOSE, ACETONE,
ISOPROPANOL,ACETATE,
BENZOATE, PHENOL

AEROBIC PRIMARILY: ALKANES, BENZENE, XYLENE,
1,2-DCA, CHLOROBENZENES,
VINYL CHLORIDE

CO-METABOLISM

OXIDATIONS: TCE, DCE, VINYL CHLORIDE,
1,2-DC2, CHLOROFORM

REDUCTIONS: TCA, TCE, PCE, DCA, DCE,
DDT, LINDANE, PCBS

ANAEROBIC DEGRADATION OR FERMENTATION: Metabolism in the
absence of oxygen. Occurs when the hydrogen acceptor is an
organic compound which has been generated within the cell by
metabolism of the original substrate. The general multistep
nature of anaercbic processes is depicted below:

Ancerobic Fermentotion Aerobic Respirgtion Angerobic Respirotion
Orgonic _E97BOT _ Fermentotion | Orgonic  _Gorbon _ .. Crgenic _torbor | o
Substrate flow Proouc!s Sustrote ticw o Substrate flow z
ﬂ:cfran electron electron
low fiow fiow
intarnol
Oxidotion - Reduction
02 NO3 of SO, or COy

Multistep Nature of Anaerobic Operations.
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RESPIRATION: Respiration occurs when the hydrogen
(electron) acceptor is an inorganic compound from the
surrounding medium. Respiration may be further subdivided
with respect to the inorganic acceptor molecule. If it is
molecular oxygen, the respiration is referred to as aerobic.
If it is some other inorganic ion, such as nitrate, sulfate
or carbonate, the respiration is called anaerobic
respiration. The following figure compares the basic
features of fermentation and respiration.

INSOLUBLE ORGANICS
AND COMPLE X
|_sousLe orGanics

Hydrolysis Extraceiivior Enzymes

A

SIMPLE
SOLUBLE ORGANICS

Acidogenesis Acid - Producing Bocterio
A
o
FORMIC ACTID, | Mydrogenogenesis JOTHER VOLATILE
ACETIC ACID, - ACIDS AND
€0y 0nc My Hz - Producing PRODULTS
Bocteria

Methcnogenesis

summary of Electron and Carbon Flow in Heterotrophic
Metabolism

AEROBIC PROCESSES: Those biological processes that occur in
the presence of oxygen (electron acceptor).

ANOXIC DENITRIFICATION: The process by which nitrate
nitrogen (electron acceptor) is eventually converted
biologically to nitrogen gas in the absence of nitrogen.

REDUCTIVE DEHALOGENATION: The biological replacement of a

halogen with a hydrogen atom under anaerobic or anoxic
conditions.

METHANE-UTILIZING BACTERIAL PROCESS: Process by which the
growth and respiratory activity of methane-utilizing
bacteria is enhanced under aerobic conditions with the
addition of nutrients , such that they can metabolize
synthetic organic chemicals (including halogenated
compounds) either as primary or as secondary substrates.
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IRANSFORMATION REACTIONS

COMPOUND .
g

1.;.z.Z-Zetrachloroethene(ggE) - Solvent, Perchloroethene
TRANSFORMATION REACTION/PRODUCTS

Tetrachloroethylene (PCE) --~>Trichloroethylene (TCE)

ccl —CC12 CCl,=CHC1
--->D1chloroethylenes(DCE)--->V1nyl chioride(VC)
CHC1=CHC1 CH,=CHC1

(Ref. 6,7,8,9)

--=both cis- and trans- Dichloroethylene can be produced

(Ref. 8)
REMARKS
o May be transformed under proper environmental

conditions by microorganisms that are native to
groundwater (Ref.é6).

K] Process termed reductive dehalogenation, under
anaerobic conditions, and where methane-forming
bacteria are present and active(Ref. 6,7).

o Parent and intermediate compounds frequently found in
contaminated aquifers (Ref. 6,7).

o) In aquifers, half-lives for reductive dechlorination
can be on the order of months to years (Ref. 6).

o Products of reductive dechlorination are, in general
more mobile.

o Under appropriate conditions, vinyl chloride can be
metabolized to harmless products (Ref. 7).

o Reductive dechlorination of PCE and TCE in microcosms
composed of aquifer materials produced both (cis- and
trans- ) isomers of 1,2-dichloroethene(DCE). Conditions

were 25°c, dark env1ronment reductive environment
(Eh=-60 to 60 mV) and neutral to acid pH(pH 5.0 to 7.2)
(Ref. 8). An Eh lower than 350 mV is reported to be
sufficiently reductive to effect significant
dechlorination. The highest mineralization rates have
been reported to occur at pH 8.0 and the lowest at pH
5.0 (Ref. 8).

o} Initial ppm levels of PCE or TCE resulted in ppb levels
of TCE or DCE in seven to eight weeks, since only a
small fraction of parent substrate undergoes reductive
dechlorination (Ref. 8).

o Tetrachloroetheylene was biodegraded under laboratory
conditions within about eight weeks undermethanogenic
conditions (Initial concentration=200 ppb; 35°C and
incubated in the dark) (Ref. 9).
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COMPOUND
Carbon Tetrachloride(CT) - Solvent, Tetrachloromethane
TRANSFORMATION REACTION/PRODUCTS

Reductive Dechlorination:
Carbon Tetrachloride(CT)=--->Chloroform(CF)

ccl, | CHC1,

(Ref. 8, Ref. 10)

S1S:

Carbon Tetrachloride(CT)--->Carbon Dioxide(CO,)

(Ref. 9, Ref. 10)

REMARKS

o)

The reactions were obtained in studies with aquifer
material microcosms. Reductive dehalogenation was
proposed as the transformation mechanism. Study
conditions: 25°C, dark environment, absence of oxygen,
neutral to acid pH, reductive potential(Ref. 8). Less
than 10 percent of the CT added, appeared as
chloroform. In two months, no trace of carbon
tetrachloride was observed.

Under acclimated methanogenic laboratory conditions, CT
was almost completely biooxidized to CO,. No
chloroform was detected (Ref. 9). The range of
concentrations used was about 10 to 30 micrograms per
liter, and incubation was at 35°C in the dark. Nearly
complete transformation of CT occurred after three
weeks of incubation (Ref. 9).

Under anoxic, denitrification conditions in the
laboratory, transformation of CT was observed after
eight weeks in batch denitrification cultures. Both
reductive dechlorination to chloroform and hydrolysis
to CO, was observed (Ref. 10). Initial concentrations
of CT were about 60 ppb. (Ref. 10).

COMPOUND

Chloroform(CF) - Sclvent, Trichloromethane

TRANSFORMATION REACTION/PRODUCTS

Chloroform(CF)-->Carbon Dlox1de(COz)

CHCl4

(Ref. 9)
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REMARKS

t - - ]

o Aerobic microorganisms do not normally break down CF
(Ref. 7,11).

o Under accllmated methanogenlc conditions in the

laboratory, CF was nearly completely transformed to CO,
after three weeks of incubation (Ref. 9). The initial
concentration of CF was less than 100 ppb. The proposed
mechanism was biooxidation.

o CF at initial concentrations of 60 ppb(concentrations
commonly found in groundwater)was not transformed under
denitrification conditions in the laboratory (Ref. 10).

o Chloroform degradation can occur anaerobically (Ref.
11). In the presence of methanogenic bacteria,
chloroform was nearly completely transformed in 16 weeks
at an initial concentration of 34 ppb and about 70
percent transformed in 16 weeks at an initial
concentration of 157 ppb. Analyses were not made for
intermediates. Preliminary evidence has indicated that
methylene chloride, a structural analogue of chloroform,
can be removed in an anaercbic environment. Absence of
anaerobic conditions may explain why significant
degradation of chloroform has not been observed during
groundwater recharge (Ref. 11).

COMPOUND
Ethvlene Dichloride(EDC)-1,2-Dichloroethane, Ethylenechloride
TRANSFORMATION REACTION/PRODUCTS

Ethylene Dichloride(EDC)=--->expected to degrade aerobically
CHZCl-CH2C1

(Ref.7)

Ethylene chhlorlde(EDC)—-->Carbon DlOdee(CO )
(methanogenic conditions)

(Ref. 9)
REMARKS

o} Of the chlorinated hydrocarbons commonly found in
groundwater, a few compounds such as EDC(1,2-
dichloroethane) can be expected to degrade in aerocbic
(oxygenated) groundwater (Ref. 7).

o In a laboratory study under methanogenic conditions,
1l,2~dichloroethane at initial concentrations of less
than 100 ppb was found to be transformed. There was a
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concentration reduction of 63 percent after 25 weeks.
No other haloorganic intermediates from the transfor-
mations could be detected by gas chromatography/mass
spectrometry (GC/MS). The primary transformation
product for 1,2-dichloroethane was CO probably the
consequence of biological oxidations(ﬁef

COMPOUND
Ethvlene Dibromide(EDB) - 1,2-Dibromoethane, Ethylenebromide
TRANSFORMATION REACTION/PRODUCTS

(a)

(b)

(c)

Ethylene Dibromide (EDB)~--->soluble intermediate
CHZ Br-CHzBr

--->Carbon Dioxide (CO,) (by methane-oxidizing bacteria)
(Ref. 12) |

Ethylene dibromide (EDB)-~->Carbon Dioxide(CO,) (aerobic
conditions)

(Ref. 13:;15)
Ethylene dibromide (EDB)--->degrades under methanogenic

(anaerobic conditions)
(Ref. 14)

REMARKS

In a laboratory study under denitrification conditions,
'no indication of transformation of EDB was observed
after eight weeks of incubation at an initial
concentration of 60 ppb(concentration commonly found in
groundwater) (Ref. 10). No significant degradation of
EDB occurred.

EDB, a persistent chemical in the aqulfer envxronment
can be degraded and mineralized by methane-oxidizing
bacteria (Ref. 12). Mixed cultures of methanotrophs and
soil microorganisms were used. EDB could be degraded at
concentrations above one ppm. Methane is used as a
sole carbon source. ‘

Residual EDB in soil has been reported to be highly
‘'resistant to both mobilization and microbial degradation
in contrast to freshly—added EDB. EDB is entrapped in
intraparticle micropores. Release of residual EDB into

' agueous solution was extremely slow at 25°C. Aerobic

degradation of residual by indigenous microbes was
negligible after 38 days compared to rapid removal of
freshly -added EDB. This suggests that EDB is present at
micropore sites that are sterically 1nacce551ble to
bacteria (Ref. 13).
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o Under methanogenic (anaerobjc) conditions of incubation,
the concentration of EDB in aquifer material tested in a
laboratory decreased from 194 ppb to less than one ppb
in 16 weeks (Ref. 14). Possible intermediates can be
bromoethanol and a very volatile end product.

o EDB-treated aquifer material showed mineralization
without an acclimation period under aerobic conditions
(Ref. 15). The EDB mineralized increased linearly to 10
to 12 percent of the initial concentration by day five
and more slowly to 14 to 17 percent by day 1l1.

COMPOUND
1.31.2,2-Tetrachlorethane - (1,1,2,2-TECA)~Acetylene
Tetrachloride

TRANSFORMATION REACTION/PRODUCTS

1,1,2,2-Tetrachloroethane--->1,1,2-Trichloroethane
CHC1,-CHC1, (1,1,2-TCA)
(methanogenic conditions)
(Ref. 9)

o The initial step in the transformation of 1,1,2,2-
tetrachlorocethane ‘to 1,1,2-TCA appeared to be by
reductive dechlorination. The results were obtained
under methanogenic conditions, in continuous fixed film
columns in a laboratory study, with a two-day detention
time. An influent concentration of 27:1 ppb was reduced
to an effluent concentration of 0.90:0.7 ppb. (Ref. 9).

COMPOUND

Methvlene Chloride (MC)=-soclvent, Dichloromethane,
Methylenedichloride

TRANSFORMATION REACTION/PRODUCTS

(a) Methylene Chloride--->expected to degrade aerobically
CH,Cl
272

(Ref. 7).

(b) Methylene Chloride-->Formaldehyde-->Carbon Dioxide(CO,)
(air-tight conditions)

(Ref. 16)
(c) Methylene Chloride--->can be degraded by methane

oxidizing bacteria
(Ref. 12)
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) Trichloroethylene (TCE) was degraded from 477 ppb to
nondetectable levels in incubated groundwater with
methane-oxidizing bacteria, mineral nutrients, oxygen
and methane (Ref.12).

COMPOUND

1.1.Dichloroethene(l,1-DCE)~-Solvent, 1,1-Dichloroethylene,
Vvinylidene Chloride

TRANSFORMATION REACTION/PRODUCTS

(a) 1,1-Dichloroethene(1l,1-DCE)--->see notes for TCA
: . CH2CC12

(Refs. 6,14,17,20)

REMARKS

o Frequently found in groundwaters contaminated with PCE
and TCE (Ref. 6).

o Studies with methane-utilizing bacteria have shown that

DCE was degraded from an initial concentration of 630
PpPb to 200 ppb in two to four days of incubation. No
transformation products were produced under these
conditions (i.e., vinyl chloride) (Ref. 19).

o Under anaerobic methanogenic studies in aquifer
material, 1,1-DCE was converted to VC as the daughter
product (Ref. 14). During 40 weeks of incubation, an
initial concentration of 124 ppb of 1,1-DCE was
degraded to less than one ppb.

o Vinyl chloride is produced by reductive dechlorination
of 1,1-DCE. Other processes are possibly involved
(Ref. 20). First order constants for depletion of
parent materials ranged from 3.57x10"% to 1.67x107% per
hour.
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o Under denitrification conditions, 1,1,1-TCA was not
degraded after eight weeks of incubation. The initial
concentration was 61 ppb (Ref. 10).

° Relatively rapid transformation of TCA to 1,1-DCA (90
percent after six days detention in large anaerobic
fixed film columns) occurred under biotic conditions.
Under groundwater conditions, abiotic transformations
(TCA to 1,1~-DCE and TCA to acetic acid) might pre-
dominate in areas where little or no methanogenic
activity occurs (Ref. 17).

COMPOUND
R ——

Trichloroethene (TCE)-Solvent, Ethylenetrichloride
TRANSFORMATION REACTION/PRODUCTS

(a) Trichloroethene(TCE)--->see notes for PCE
CCl,=CHCl

(Refs. 6,7,14)

(b) Trichloroethene(TCE)--->cis~- and trans-1,2-
Dichloroethene(1,2-~DCE)

' CHC1=CHCl
(Ref. 8)
REMARKS
o Aerobic microorganisms do not normally degrade TCE
(Ref. 7,11).
o} In aqu1fer material microcosms studies in an oxygen-

free environment, TCE was transformed to cis- and
trans-1,2-DCE by reductive dechlorination. 1Initial
concentrations of four to five mg/l produced as much as
167 ppb of 1,2-DCE after about eight weeks of
incubation (Ref. 8).

o Anaerobic degradation of TCE in soil produced only 1,2~
DCE; no 1,1-DCE was observed (reductive dechlorination)
(Ref.18). Concentrations of 2000 ppb of TCE produced
25 to 78 ppb of 1,2-DCE after about 10 months of

incubation.

o Low concentrations of TCE may not result in anaerobic
degradation (Ref. 8).

o Under conditions of methane—utlllzlng bacteria, TCE was

degraded. Neither DCEs nor VC were produced. Only two
to four days were required to degrade an initial
concentration of 630 ng/ml to 200 ng/ml. (Ref. 19).

o A laboratory study with methanogenic (anaerobic)
aquifer material showed that TCE can be degraded from
155 ppb to less than one ppb in about 40 weeks
(Ref.14).
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' o MC can be expected to degrade in oxygenated groundwater

(aerobic conditions). (Ref. 7). '

o Under air-tight conditions, Pseudomonas strains growing
on MC as the only carbon and energy source may convert
MC to monochloromethanol, which spontaneously forms
formaldehyde. Formaldehyde can be partially assimilated
and partially oxidized to CO, (Ref. 16).

() Under laboratory conditions, MC was degraded at
concentrations above one ppm by methane-oxidizing
bacteria (Ref. 12).

© MC can be degraded in groundwater in the presence of
methane-oxidizing bacteria, mineral nutrients, and
oxygen. A decrease in MC from an initial concentration
of 91 ppb to about 9 ppb occurred in less than two days
(Ref. 12).

COMPOUND

1,1,1-Trichloroethane(1,1,1-TCA)~-Solvent, Methylchloroform
TRANSFORMATION REACTION[PRODUCTS

‘ eductive Dechlorination and Abiotic Transformations:

(a) 1,1,1-Trichloroethane(1,1,1-TCA)-->Dichloroethane(DCA)->

CCl,CH, CH,CHC1,
--->Chloroethane (CA) --->Ethanol--->Carbon Dioxide (CO,)
CH,CH,C1 CH,CH,OH
3-2 3-2

(b) 1,1,1-Trichloroethane(l,1,1-TCA)=-~-~->1,1-Dichloroethene

CH.,=CCl (1,1-DCE)
2 2

-==>Vinyl Chloride(VC)-~=->Carbon Dioxide (CO,)
CH,=CHC1

(Ref. 6, 17)

REMARKS

(o} Trichloroethane is not expected to be degraded by
aerobic microorganisms (Ref. 7).

o Under appropriate conditions, wvinyl chloride can be
metabolized to harmless products (such as Coz)(Ref. 7).

(o} In aquifer material microcosm studies, 1,1,1-TCA was
shown to be converted to 1,1-DCA under anaerobic

‘ conditions (Ref. 8). Complete disappearance of 1,1,1-

TCA occurred within four to five months. The observed
PH range was 6.5 to 7.4 and the Eh range was =150 to 40
mV in seven to eight weeks (Ref.8).
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